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The Drosophila hindgut was suggested to harbor constitutively active stem cells. In this issue of Cell Stem
Cell, Fox and Spradling (2009) demonstrate that this organ contains only dormant stem cells capable of prolif-
erating and producing differentiated cells in response to injury.Drosophila has become a popular model
organism for studying adult stem cell
behavior because of simple tissue struc-
tures, availability of abundant mutants,
and sophisticated genetic tools. Three
years ago, constitutively active intestinal
stem cells (ISCs) were identified in the
adult Drosophila midgut and shown to
maintain gut homeostasis as a result of
fast cell turnover (Micchelli and Perrimon,
2006; Ohlstein and Spradling, 2006). A
recent study has reported that the adult
Drosophila hindgut also harbors a popula-
tion of active ISCs organized into the
hindgut proliferation zone (HPZ) (Taka-
shima et al., 2008). However, the findings
described in this issue ofCell StemCell by
Fox and Spradling (2009) argue strongly
against the existence of active stem cells
in the adult Drosophila hindgut. Instead,
if stem cells exist in the hindgut, they are
proposed to be generally quiescent but
to also retain the potential to proliferate
and generate new cells in response to
cell loss caused by tissue injury.
Lineage tracing represents an impor-
tant tool to identify stem cells in adult
tissues. In Drosophila, the heatshock-
induced flipase (FLP)-mediated FRT re-
combination technique is often used to
mark mitotic cells either with LacZ after
recombination mediated by a ubiquitous
tubulin promoter (as in Fox and Spradling,
2009) or with tubulin-GAL4-driven UAS-
GFP expression after the loss of a tran-
scription repressor GAL80 (known as
MARCM, used in both studies discussed
above). In adult tissues, only stem cells
and undifferentiated progenitor cells are
mitotically active, whereas terminally
differentiated cells are not. If a progenitor
cell is marked, only transient clones are
generated and are composed of onlymarked differentiated cells that will disap-
pear over time because of cell turnover.
In contrast, when the initial marked cell
is a stem cell, a larger clone composed
of a stem cell, progenitor cells, and differ-
entiated progeny is formed. Therefore,
the presence of a stem cell in a marked
clone is identified by tracking its pattern
of growth over time. In addition, BrdU
labeling can detect mitotic cells in devel-
oping and adult tissues, and although still
controversial, long-term BrdU retention
can be used for identifying slow-cycling
stem cells in some adult tissues.
The Drosophila hindgut has a very
simple structure consisting of the pylorus,
the ileum, and the rectum; the pylorus
functions as a valve controlling the move-
ment of food from midgut to hindgut,
whereas the ileum is home to enterocytes
that mediate nutrient absorption. On
the basis of lineage tracing and BrdU-
labeling results, Takashima et al. (2008)
proposed that active ISCs in the HPZ at
the most anterior pylorus can proliferate
and generate differentiated cells that
move posteriorly both during larval devel-
opment of the hindgut and to replenish
lost cells in the adult (Takashima et al.,
2008). Structurally, the Drosophila hindgut
resembles a single giant crypt in the
mammalian intestine (Barker et al., 2007).
Also like mammalian ISCs (Pinto et al.,
2003; van den Brink et al., 2004), Wingless
(Wg) is expressed by ISCs and promotes
their proliferation, whereas Hedgehog
producedbydifferentiated cells stimulates
differentiation (Takashimaetal., 2008). The
similarities in the structure and regulation
betweenDrosophila hindgut andmamma-
lian ISCs have raised great hopes that
Drosophila may offer a powerful system
to study ISC regulation in mammals.Cell Stem Cell 5,In contrast, the new results from Fox
and Spradling lead to the opposite
conclusion. Specifically, the adult hindgut
derives from precursor cells in the imag-
inal ring during larval development, rather
than from ISCs in the HPZ. Furthermore,
this organ does not contain constitutively
active ISCs, on the basis of the results
from two independent experimental
approaches (Fox and Spradling, 2009).
BrdU-labeled cells were distributed spo-
radically along the pylorus and ileum
regions during larval development, and
lineage-labeled GFP/LacZ-positive cells
induced at larval and pupal stages were
also observed in patches throughout the
adult hindgut, rather than originating at
the anterior end of the pylorus. Further-
more, their position and size did not
change over time. In contrast with larval
development, only a handful of labeled
cells were observed in the pylorus
(and none in the ileum) of older adults
after week-long BrdU incorporation, and
these BrdU-labeled cells failed to move
posteriorly. In addition, GFP/LacZ-posi-
tive clones induced in adult hindguts
were rare and small in the pyloric and ileal
regions, and their number, size, and posi-
tion did not change over time. Collec-
tively, these observations do not support
the model proposed by Takashima et al.
(2008) that ISCs in the most anterior
pylorus produce differentiated cells to
replace lost cells in both the pylorus and
the ileum. Rather, Fox and Spradling’s
findings support the notion that the adult
Drosophila hindgut lacks constitutively
active stem cells in the adult.
It appears puzzling how the two studies
can use similar methodologies and
come to contradictory conclusions for
the same organism (Fox and Spradling,September 4, 2009 ª2009 Elsevier Inc. 227
Cell Stem Cell
Previews2009; Takashima et al., 2008). The
authors of the more recent study suggest
that an unexpected defect of the GAL80-
based MARCM lineage labeling system
and differences in data interpretation
may be to blame. In both studies, when
the MARCM system is induced during
the adult stage, a low number of small
clones arise only in the pylorus or ileum,
and rare larger clones were observed
spanning the two regions of the hindgut.
Takashima et al. (2008) interpreted the
large clones to represent the output
of active stem cells in the hindgut
and described the smaller clones as
‘‘transient’’ clones. In contrast, Fox and
Spradling (2009) demonstrated that the
larger clones were not induced at the
adult stage, but instead had formed
during embryogenesis because of leak-
age of the MARCM system. Moreover,
the authors observed that the small
clones in the pylorus and ileum failed to
move posteriorly along the hindgut, thus
ruling out that these clusters represent
transient clones of differentiating progen-
itors. Therefore, Fox and Spradling (2009)
suggest that improper interpretation of
data obtained with the leaky lineage
tracing system led to the contradictory
model proposed by Takashima and
colleagues (2008).
Although the Fox and Spradling study
reveals that the adult Drosophila hindgut
does not contain active stem cells, BrdU-
and LacZ-labeling results suggest that
rarely dividing cells do exist in the most
anterior Wg-expressing region of the
pylorus (Fox and Spradling, 2009). These
labeled division-competent cells may
represent quiescent stem cells or possibly
more differentiated progenitors that en-
ter the cell cycle periodically and can
generate functional cells in response to
rare cell turnover. The experimental228 Cell Stem Cell 5, September 4, 2009 ª2observation that cells in the Wg-express-
ing region of the pylorus can be activated
to proliferate if adjacent to a small group
of killed cells directly supports this possi-
bility (Fox and Spradling, 2009). In some
mammalian tissues with slow cell turn-
over, such as the pancreas, it has been
proposed that differentiated cells can
generate replacements for small numbers
of lost cells, whereas quiescent stem cells
can be activated to produce a large
number of new cells in response to severe
injury (Dor et al., 2004; Xu et al., 2008).
Consistent with this idea, after the
massive killing of posterior pyloric cells,
the Wg-expressing cells started to prolif-
erate and the newly generated cells
moved posteriorly to replace the killed
pyloric cells (Fox and Spradling, 2009).
Taken together, these results indicate
that Wg-expressing pyloric cells function
as quiescent stem cells, and not unlike
the ‘‘sleeping beauty’’ of fairy tale fame,
they can be ‘‘awakened’’ to productively
proliferate in response to signals that indi-
cate injury and damage.
The study by Fox and Spradling has
clearly demonstrated that the adult
Drosophila hindgut lacks constitutively
active stem cells but is capable of gener-
ating new cells in response to injury.
However, many questions concerning
ISCs in the Drosophila hindgut still remain
to be answered. The first andmost impor-
tant question is whether the Wg-express-
ing cells in the most anterior region of the
pylorus undergo self-renewing divisions,
as would be expected of true stem cells.
Given that Wg signaling can modulate
the activity of ISC precursor cells in the
developing hindgut (Takashima et al.,
2008), it will be interesting to investigate
whether tissue damage causes elevation
of Wg signaling and subsequent activa-
tion of ISCs. Because JAK-STAT signaling009 Elsevier Inc.is active in quiescent stem cells of the
hindgut, and given that recent results
also implicate this cascade in stimulating
ISC proliferation in the midgut in response
to injury (Jiang et al., 2009; Takashima
et al., 2008), it will be exciting to determine
whether tissue injury also activates JAK-
STAT signaling and ISC proliferation in
the hindgut. The answers to these ques-
tions will surely develop the Drosophila
hindgut ISCs as an attractive model
system for understanding how injury acti-
vates quiescent stem cells to proliferate
and repair damage in mammals.
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